Background: Social capital is considered to be an important determinant of life expectancy and cardiovascular health. Evidence on the association between social capital and all-cause mortality, cardiovascular disease (CVD) and cancer was systematically reviewed. Methods: Prospective studies examining the association of social capital with these outcomes were systematically sought in Medline, Embase and PsycInfo, all from inception to 8 October 2012. We categorized the findings from studies according toseven dimensions of social capital, including social participation, social network, civic participation, social support, trust, norm of reciprocity and sense of community, and pooled the estimates across studies to obtain summary relative risks of the health outcomes for each social capital dimension. We excluded studies focusing on children, refugees or immigrants and studies conducted in the former Soviet Union. Results: Fourteen prospective studies were identified. The pooled estimates showed no association between most social capital dimensions and all-cause mortality, CVD or cancer. Limited evidence was found for association of increased mortality with social participation and civic participation when comparing the most extreme risk comparisons.
Introduction
Individual determinants of health such as health-related behaviours and biological factors (e.g. blood pressure and cholesterol) are well-known risk factors of mortality and major chronic diseases. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] As a determinant of these risk factors, 13, 14 individual socioeconomic position is also considered an important risk factor. 15, 16 Successful modification of some of these factors such as smoking, blood pressure and cholesterol, as well as widespread access to medical interventions for acute treatment have contributed to a reduction by almost half in risk of premature mortality occurring in middle-aged adults. 17 For the past decade, however, there has been increasing interest in concepts beyond individual determinants in epidemiological studies, one of which is social capital. 18 It still remains arguable who first described the notion of social capital. Pierre Bourdieu developed the concept in its present sense. 19 He defined social capital as an aggregate of resources available from a social network. 20 Coleman considered social capital as various entities which form some aspect of social structure and promote certain actions of individuals for achievement of certain ends. 21 Putnam, based on field studies in Italy in the 1970s, defined social capital as features of social organization such as trust, norms and networks that facilitate coordinated actions. 22 He also promoted the importance of social capital, claiming that 'if you belong to no group but decide to join one, you cut your risk of dying over the next year in half. If you smoke and belong to no group, it's a toss-up statistically whether you should stop smoking or start joining'. 23 These and other claims have been critically reviewed. 24 It is important to distinguish between the concepts of social capital and of social network. As suggested above, theories of social capital refer to the community infrastructure which influences the flow of resources to strengthen or weaken social networks. On the other hand, social networks focus on concepts about the structure of relationships and their nature-measured at the 'subjective' individual level. Discordance in definition and units of analysis of social capital has been one of the main subjects of critiques in this area. 25 Measurement of social capital varies between area-level 'objective' data and individual-level data, which tend to be more subjective. In addition, pathways and mechanisms of how social capital affects individual health are yet to be reliably tested and established. Nevertheless, a considerable number of studies can be found in the literature of the association between social capital and a wide range of health-related outcomes, including not only lifestyle factors, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] but also perceived health status [37] [38] [39] and clinical events. [40] [41] [42] [43] [44] However, most of these studies employed cross-sectional and ecological study designs which are subject to important biases. As a consequence of still ongoing debates on what social capital represents and how best to measure it, a large variety of instruments assessing multiple dimensions of social capital have been used, making it difficult to interpret association of social capital with health outcomes. We conducted a systematic review of prospective studies to evaluate the effect of social capital on three specific health outcomes: all-cause mortality, cardiovascular disease (CVD) and cancer.
Medline (from 1946) and PsycInfo (from 1806). The search strategy is shown in Supplementary Data (Appendix, available at IJE online). Only articles published in English were included. We identified studies satisfying the following inclusion criteria: (i) original article (commentaries, reviews and editorials were excluded); (ii) prospective study design; (iii) social capital as a covariate; and (iv) studies including at least one of the following outcomes: all-cause mortality, fatal or non-fatal cardiovascular disease (CVD) and cancer. We excluded studies focusing only on health outcomes in children as we wanted to focus on the potential role of social capital in common non-communicable diseases of adulthood.
We also excluded articles focusing on selective social groups such as refugees and immigrants. Studies conducted in the former Soviet Union were also excluded as it was hypothesized that the political history in that region may influence the construct of social capital in ways not directly comparable with other regions. Titles and abstracts were screened first, and then the full text was assessed.
The selection process was independently conducted by M.C. and M.F. and disagreements were resolved by consensus through discussion with external expert input J.P.C. sought where any disagreement remained.
Data extraction
From each article meeting the inclusion criteria, the following data were extracted: sample size, range and average of age, duration of follow-up, instruments used for measurement of social capital, health outcomes, number of events, units of measurements, analysis model, level of adjustment and results. Social capital was measured across studies using different items obtained from questionnaires or secondary data sources. Some reported items consisted of several questions grouped into a single index. To manage inconsistencies in the measurements of social capital across studies, social capital items were categorized into seven 'dimensions': social participation, social network, civic participation, social support, trust, norm of reciprocity and sense of community. These dimensions were obtained by adapting and modifying the social capital dimensions identified by the UK National Office for Statistics (ONS). 45, 46 We subdivided the ONS 'social network and support' dimension into two separate dimensions following the suggestion of Ziersch 47 and of Hunter et al. 48 We also subdivided the 'reciprocity and trust' dimension into 'norm of reciprocity' and 'trust', following the work with Putnam 49 and Torche and Valenzuela. 50 We replaced the ONS 'social capital' dimension of 'views about the area' with 'sense of community', to expand the concept to non-geographical boundaries including perceived belongingness and integration. 51 All relevant dimensions were identified for each item, and we allowed an item to belong to more than one social capital dimension. Disagreements between the two reviewers (M.C. and M.F.) were resolved by consensus through discussion, and external expert input (J.P.C.) was sought for any items where disagreement remained. In addition, information about pathways, mediation effects and confounders used in the analysis of the identified studies was extracted as follows: (i) whether studies conducted pathways analysis; (ii) whether studies assessed mediation effects; (iii) whether studies reported potential mechanisms in the discussion section; (iv) whether cited studies were used to report potential mechanisms; and (v) whether confounders were used in the analysis of the studies.
Data analysis
We calculated the proportion of studies assessing each social capital dimension and the average number of items used for each dimension. We also calculated the proportion of studies that assessed a social capital dimension at a particular spatial or geographical unit. In a meta-analysis, a pooled estimate of the measure of effect of social capital on each health outcome was conducted per dimension using the most adjusted measures of effect. The pooled estimates were derived by the following two steps. We combined all estimates for a common dimension within each study to obtain a single measure of effect per dimension by study. These derived measures of effect from each study were then pooled for each type of risk comparison (e.g. quartiles, binary, continuous) across studies. All estimates were combined under the assumption of interchangeability between odds ratio, risk ratio and hazard ratio using random effects models to derive pooled relative risks with 95% confidence interval (CI). Heterogeneity between studies was quantified using the tau squared statistic. We assessed the potential influence of small-study effects using funnel plots of log relative risks on the x-axis against their standard errors on the y-axis. 52 Funnel plots were enhanced by contours to distinguish publication bias from other causes of asymmetry. 53 
Results

Selection of studies
A non-specific search on PubMed using the keyword 'social capital' yielded 1297 articles of which 14.3% were commentaries, reviews or editorials. The notion of social capital has steeply increased in popularity since the year 2000 ( Figure 1 ), corresponding to the time when Putnam's book Bowling Alone was published. The specific search strategy from our systematic review (see Appendix, available as Supplementary data at IJE online) yielded a total of 308 articles of which 65% were original articles. A large proportion of the original articles were excluded mainly due to outcomes not under study in this paper (e.g. mental health, self-rated health, infant and child mortality, healthrelated behaviours, obesity/overweight, suicide, etc.) and study design (non-prospective studies) during the first step of the screening process. Four studies were found to originate from the former Soviet Union and would also have been excluded on the basis of inappropriate outcome and study design. Out of 44 full-text articles assessed, 14 articles were included in the systematic review ( Figure 2 ). The other 30 full-text articles were excluded for the following reasons: non-prospective study design (11) , no specific outcome (12) , no relevant exposure (5) and duplicates (2) .
Study characteristics
The characteristics of included studies are shown in Table 1 . The majority of studies were conducted in European countries (seven studies), followed by the USA (three studies). No studies in low-middle income countries were identified. All except one study 54 (from which the number of participants was derived) reported the number of participants, which ranged between 6789 and 11 037 640 with a mean of 1 278 366. The majority of studies reported results for both men and women. The follow-up periods ranged from 2 to 35 years with a mean 11-year follow-up. Outcomes assessed in each study were as follows: nine studies focused on all-cause mortality, nine studies focused on fatal or non-fatal cardiovascular events and three studies focused on cancer mortality. Only three studies out of 14 [54] [55] [56] assessed all the three outcomes.
Social capital items, dimensions and level of measurements
All questionnaire items and data used for measurement of social capital in each study are shown in Table 2 . None of the studies evaluated all seven social capital dimensions. The most frequently assessed social capital dimensions across studies were social participation (75%) and civic participation (67%), whereas the least-assessed dimension was sense of community (33%). Studies adopted different levels of measurement of social capital as the unit of analysis. The levels of measurement were categorised into two broad types, individual-level and area-level. Five studies 57-61 measured social capital at individual level using primary data only, and another five studies 54, 56, [62] [63] [64] measured social capital at area level using secondary data. Two studies used mixed measures. 55, 65 Among the seven studies that measured social capital at the area-level, only four studies used hierarchical statistical modelling. 54, [63] [64] [65] Studies assessed social capital dimensions at different levels of exposure and using different geographical units. Trust was analysed mainly at the individual level (66.6%), whereas civic participation was usually analysed as an area-level exposure (75%). The geographical units used at the area-level exposure varied considerably in size and included: neighbourhood and census areas, small-area market statistics (SAMS), electoral wards, municipalities, ZIP code areas and counties. There was considerable variability between individual instruments of measurement of each social capital dimension across studies with the exception of two similar questions used for trust: 'Generally, you can trust other people?' 57 and 'Generally speaking, would you say that most people can be trusted?' 59 Social participation and civic participation were measured mainly using questionnaire responses assessing involvement in group activities which differed due to the variable inclusion of a wide range of activities. Social network was assessed by measuring frequency or range of informal social interaction, and these questions varied according to the types of interaction and relationship. A greater variety of instruments for measurement was found for the social support, norm of reciprocity and sense of community dimensions (Table 2) .
Pathways
Pathways or underlying mechanisms were discussed in 10 studies [50] [51] [52] [53] 55, [59] [60] [61] [62] [63] from which social capital was hypothesized to influence mortality and health outcomes. Pathways and mechanisms were theorized into four broad themes: (i) access to health care and local services; (ii) health risk behaviours and socioeconomic position (SEP); (iii) psychosocial processes (e.g. sense of place); and (iv) dissemination of health-related information (see Table 3 ). Mediator effects were explicitly assessed, through multivariate regression models, in only three studies 54, 64, 65 using the following variables: individual SES factors (employment status, car access, occupational social class and housing tenure); health-related behaviours (smoking, alcohol, diet and exercise); and personal medical history and treatment. Only one study 65 found healthrelated behaviours and individual SES factors to be potential mediators between social capital and all-cause mortality. First, community-level social capital may increase the availability of information on behaviours that influence cardiovascular disease risk. Second, higher levels of community-level social capital, such as a higher density of voluntary organizations, may lower the effort required to politically organize which may result in more health resources being brought into a community. This suggests that geographical variation in medical resources and medical treatment is likely to be correlated with the geographical variation in community-level social capital.
Third, higher levels of community-level social capital, such as a higher density of voluntary organizations, may make social support, which is associated with improved cardiovascular outcomes in many studies, more accessible.'
(Continued) First, social capital may affect individual health by influencing healthrelated behaviours through promotion of more rapid diffusion of health information and by exerting social control over deviant health-related behaviours.
Second, higher social capital may promote health by increasing access to local services and amenities. Good access to service such as transportation, clinics and community health centres could improve health. Third, there are associations between social capital and psychological distress. Social networks and social support can buffer the negative effects of life events on mental health. Fourth, the communities with higher social capital produce more egalitarian patterns of political participation that result in the implementation of policies which ensure the security of all its members.'
Aida et al., 2011 'Social support and access to services have been theorized as potential mechanisms linking neighbourhood conditions and individual health, and recent longitudinal research has found a significant protective relationship between social support and stroke mortality but not stroke incidence, offering a credible explanation for why cohesion may be related to stroke mortality but not incidence.' for different area-level characteristics (e.g. levels of urbanization, neighbourhood SEP and area deprivation) as contextual factors. The summary risk ratios (RRs) for each dimension and outcome are reported in Table 4 . A total of two associations with a nominal P-value lower than 0.05 were found out of 21 summary RRs that evaluated seven dimensions and three outcomes. In the most extreme comparison groups, low social participation and civic participation were suggested to be associated with all-cause mortality 1.32 (95% CI: 1.17-1.49) and CVD mortality 1.23 (95% CI: 1.14-1.33), respectively. Social support, social network, norm of reciprocity and sense of community had only marginal effects on all-cause mortality. For trust, between the highest and lowest risk comparison groups, relative risks of all-cause mortality and CVD mortality were 0.96 (0.77-1.19) and 0.80 (0.52-1.24), respectively. The asymmetry in the contour-enhanced funnel plots for all outcomes was investigated and did not show any evidence of small-study effects (Figure 3 ).
Discussion
In this systematic review, we identified 14 published studies that examined the association between social capital and all-cause mortality, CVD and cancer using prospective data. [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] The pooled results of the individual studies for each dimension showed only limited evidence of association. Other reviews of prospective multilevel studies of social capital have also found very limited evidence. 80, 81 In this paper we identify more studies related to the outcomes of social capital and allcause mortality and CVD and, where possible, provide synthesized risk estimates by social capital dimension. Estimates in the most extreme risk comparisons suggested that indicators of social participation and civic participation were associated with some beneficial effects on all-cause mortality and cardiovascular mortality, respectively. In the studies identified, findings for other dimensions did not support the other aspects of social capital as an effective predictor of mortality, CVD or cancer.
Despite the growing number of publications on social capital found in PubMed (Figure 1 ), few studies have investigated the effects of social capital on mortality, CVD and cancer in a prospective manner. Social capital has only recently increased in popularity in public health, and this could be one reason for the small number of prospective studies. Most studies in this review used data collected before the notion of social capital began to acquire its current popularity. As a result, authors tended to use data obtained for other purposes rather than using de novo variables designed for measuring social capital. The diversity of instruments for social capital measurement found across the studies may reflect the limitation of accessible data. This limitation could generate the impression that some dimensions are more related to the health outcomes than others. Our pooled estimates are dominated by the predominance of the two dimensions, civic participation and social participation. As such, it may be too early to emphasize promoting civic and social participation as a means of preventing premature mortality or CVD events. The limitations in the way the complex phenomenon of social capital has been operationalized in these observational studies might explain the relative weak associations. In addition, the relatively low number of incident events in the majority of studies identified is likely to limit power for metaanalysis.
Evidence of the precise mechanisms occurring between social capital and health is needed. Association studies to date have not tested causal mechanisms or underlying pathways in which social capital may affect health. Most studies examined association and then referred to hypothetical pathways or mechanisms derived from ecological studies or reviews that do not actually provide evidence of any mechanism. Despite the limited evidence on pathways and mechanisms, there is a willingness by governmental organizations to adopt social capital as an effective way of improving health. [82] [83] [84] The effects of social capital may differ in different cultural contexts 59 and may be a consequence of other wider contextual political, social or economic processes. 85 In this paper we found that the majority of the studies reviewed were conducted in Europe and North America. Therefore, the effect of social capital on the health outcomes for other populations and contexts is not known.
A way forward
More theoretical studies are required to provide a concordant methodological base, on which more reliable data on social capital can be collected. Analysis of pathways and underlying mechanism is needed to increase the validity of associations and infer effective ways of modification of social capital at the community level. Even though theoretical limitations in measuring social capital are ongoing, efforts have been made to improve instruments for measuring social capital. [86] [87] [88] [89] In order to improve generalizability and comparability of the findings, more studies from more heterogeneous populations and standardized geographical units of measurement are needed. The latter are required not only for social capital, but also for other area-level exposures. This could be addressed by applying area-based methods from other fields in the analysis of health outcomes. 90 Whereas we recognize that the mechanisms of social capital are still subject to ongoing debate, in order to evaluate the appropriateness of the modelling in the identified papers we refer to a directed acyclic graph (DAG) based on the mechanisms proposed by Kawachi and Berkman, 91 by which social capital may influence health ( Figure 4 ). According to this DAG, it is clear that the modelling approach of the majority of studies exhibits a number of limitations and could be improved. First, the adjustment for confounders, and in particular arealevel confounders, appears incomplete with many studies only adjusting for basic characteristics of the individual. Second, several studies adjust for variables that may be mediators of the association between social capital and health as confounders (for example, health behaviours). Third, none of the studies identified in our review undertook proper mediation analysis. Some studies used regression analysis, but this approach is recognized to have substantial limitations for addressing mediators. 92 Fourth, only five studies applied a multilevel approach to the modelling; this has previously been identified as important for social capital to capture the potential multidimensional nature of its effects. 93 Fifth, most studies only used baseline variables as confounders where it would be more appropriate to model time-varying confounders to recognize that these may be dynamic over time. We recommend that future studies of social capital and mortality should seek to address these limitations in their study design. Given the inevitable complexities in measuring dimensions of social capital, a complementary strategy to potentially shed light on the importance of social capital mechanisms in influencing health outcomes may lie in the conduct and synthesis of randomized trials of interventions that invoke theories of social capital in their design. For example, interventions might be designed that seek to increase levels of civic and social participation in later life. Such interventions might be studied in randomized trials including measurement of the outcomes and potential mediators identified in this paper. 
Limitations
This systematic review aimed to demonstrate the nature of the concept of social capital and the multiple forms of usage it has had in epidemiology. Using specific keywords, we identified studies on social capital, and the categorization we imposed on the data was to make it more tractable for presentation. Although the contour-enhanced funnel plots for all outcomes did not reveal any evidence of smallstudy effects, these are possible since this systematic review did not include articles published in other languages (19) potential. Review of the abstracts of these papers, however, showed they had inappropriate study designs and outcomes, thus their exclusion would not have introduced publication bias. Another source of bias may lie in the process of our classification of social capital items according to social capital dimensions. Since the pooling of results was conducted on the basis of each dimension, if there had been any errors in the categorization, the validity and reliability of our findings would have been affected. We tried to reduce this bias by having two researchers independently assign social capital dimensions to each social capital item, and resolved disagreements by consensus. Finally, owing to the heterogeneity of social capital measurements made, it was not possible to provide many pooled estimates.
Conclusion
Several different measures of social capital have been used in prospective studies assessing health outcomes. Despite the popularity of the concept of social capital in epidemiology and public health, there is no consensus on how to measure social capital. This hinders comparison and pooling of results and limits conclusions about the health effects of social capital. In the face of this limitation, we did not find strong evidence of social capital affecting all-cause mortality, CVD events or cancer, although there was limited evidence for some specific dimensions of social capital.
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